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ABSTRACT 

The impact of cybernetics on information science 
occurs chiefly through the concepts of variety^ the law of requisite 
variety^ and theory of transformations. Through these it pervades 
every aspect of information science. However^ other basic sciences 
such as physics, biology, psychology are in their spheres equally 
pervasive, and information science is seen as a special discipline 
containing a high admixture of interdependent sciences, with 
applications that subserve every science and itself. As the title 
suggests, this paper presents a broad viewpoint in a very small 
space, and relies heavily upon an earlier work entitled "On Access to 
Knowledge and Information in the Social Sciences and Humanities from 
the Viewpoint of Cybernetics and Information Science" which is 
available as LI 004 282, (Author/SJ) 
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IMP/tC? OF CYBERN2TICS ON UiFOmATION SCEEKCE, AKD VTCE VEKSA 

o 

CI3 /Sbstrect: The Impact of cybersatics on infcr^mtion science ocarr9 

Kj^O Cvlefly throiJgh the concepts of variety, the lav of requisite variety, 

az^ the^ory of trsiTusfonnatiosis, Throi?gh these it pervades every aspect 
of lBfor?sr,tioa science. Kovsrer, othar haaic scicacen such as physics, 
biology, psychology are in their spheres equally perva.<;ive, and informa- 
tion science Is seen ac a special discipline containing a high admixture 
of ^Jitcrdspena'snt Siciences, vlth applications that subserve every science 
ard Itcelf . Rofcreac?i to a prior papes* is necesci^ry in c.rder to ui7xl<zir- 
rtMid the presmt one. 

1. Aa tbo title sugscsts, this paper presents a broad viewpoint 

la a very m^ll &p?ice. Fortunately this can be attained by brief cosasnta 
csca a recent longer paper, '*0n Access to Knowledge and Infonatition in the 
ScKriJil Sciences and Ifi.mianities frca ths Viewpoint of Cfybernetics and 
^formation Science.'^ This paper (Abbreviated OA) suggested that 
thsi cybernetic concepts * variety* and the law of requisite variety • under- 
lie mch of information science. It showed that other basic sciences 
emh as p?5y^5iOlc{5y and physics also contribute, and that an outfstanding 
characteristic of inforsaation science is interdependence with other 
disciplines . 

Banding Fobllcatioa of OA, a copy ban be<sn eupplied ycur chalraaa 
for this Dieting. Access to OA is asruzsed below. 

2. OA presents a musber of oac-iels. Amops the roost in5?ortant is 
a pf^bologicai model of the ncntal levels of abstraction and their 
!ss!^5sr roles. All of these increase the versatility of the husaan regard.ed 
ofl a goal-seeking system with internally - constructed self-rega!,atory 
devices. The assntal levels are not hereditary but built i:tp as new 
stff^ictures, by the body. They are -constructed frca traces of direct 
©ease isxpressions (DSI*s). Stored BSI's were called SSI*s, and sets of 
xiaturally associated SSI's were naiRSd I-sets. Abstractions from I-sets 
xmr^ called A-sets;. That is, en abstraction was presented as a single 
EMSatal structure based on association of a finite nutmber of SSI's. Two 
sacJLn kinds of association were recognized: natural association and 
conditioned or Pavloviah kssociation* The former gives rice to our 
cosjcepts of real objects, and through external and internal (body) 
constraints preserves the original order in space and tisiu* of the saagpled 
ctissuCLi. The latter ore associations of arbitrary partial patterns — 
s3a5)Ier than the patterns in natural DSI^s, yet, because sens^, yielding 
YBVto They are sjoabols, and their role is to be ar bitrarily associated 
lyith (Attached to") the naturally associated A«*set8 or concepts. 
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associate vlth the corxept, the symbol DSI vtnen 
i:%':?eelv«sd acta as a trigger, handle, or svltch evoking the abctrGCt 
e<xac5653t to vhich it is conditionaJJIy associated out of latent meiaory 
teto cictive avorenesfi. Thus in 'corr/ers.:^wiora'' a speaher ''plays upoa 

ioybcord" of the recipient's A-seta by neana of the attached 
ftr^T^bolj i.c, DSI* 8. For only a fitixailus loading to a DSI can cross the 
iii-ier-lndividual sei>aration (''segiaent bc'*)» 

3- OA speculates ajB to hov the abstraction or A- set is fomed. It 
Is coDjeotorred that the r)cM7ral«brain aystesi acts like a priom or diffraction 
garatir^ on light, axid decomposes any DSI into a spectrum of "partial patt^mB" 
ccp "qu-allties" or 'bbaracteristies*! Once such a spectrun has "been constructed 
(ii^ction) the rapid "understanding" of er.y new DSI (its '*K<?aning") is 
(Titained by cm instantaneous spcctrun fmaJLysis (deduction) of the DSI into 
±tn characteristics. The characteristics of DSI's are analogous to and 
in Escy cases th^ same as the "descriptors" and "tenss" used in infonaa- 
tlon search, -ni*ech(5nifiia is suggested^ Thiis may he discovered by the 
ne^^irolcgiflt, psychologist, biochemist, physicist, or others. licvwer, 
tlie two forms of association, natural a3i conditioned, gire a functional 
Mnt* The "sender" of a neasase is thereby enabled to force into the 
"recipient's" avarcriess any sequence of concepts vhich both have fonaed, 
^4 to vhich both have attached the saiM syixS>cM to the saua^ conc^spts. 
Stic povrcrfol Eseans of regulating the recipients: behaviour is a cyhemdlc 
device. 

AzKDtber arfpect of this ttodel is that ccsKi^jruiaicalilon t5a?Ttos place 
Qtaly by means of abstractions — i.e., only T-^hen the level of abstraction 
e^Ti^eeda soaae threshold of stability. Since any DSI is unique, esA ve 
c^JiJsnot evoke in another individual any mental object which is unique to 
tfet individual, the levels of abstraction represent a system wherein 
liSie \miqu^::ness of DSI's and SSI's is destroyed by suppression of parts 
.(jsj* theii pattern and retention of siopler "acre patterns". This is 
([Sj-bemetically equivslent to increaaine the versatility of the individual — 
ctad sec the levels as direct applications of the law of reqxzisite 
viferiety. An A- set above ccme threshold ninimum niatiber of naturally 
associated SSI*2 (called "n (c)'* ill OA) can be used for corcsminication 
ptTOTlded a syzobol or partial pattern is conditionallj'^ associated vith 
It. A-sets are abstractions of sufficient universality (over the 
'Sioivcrse" of individuals) as to reflect mainly the constrainta of the 
eCTlroment and of the "universe!" human internal processing of stiiaull. 
They anit the uniqueness. of individual responses. The existence of 
some n(c) is not hypothetical, for we know we canno t communicate our DSI'\^; 
ead that ve can transoit our thoughts by syabols for abstractions. The 
caly u^<nox«m in this bounded inequality is the level c at which the 
tlxreshold occurs: 

ccsEZffiinicftble 
1 ^ n(c) < n(A-8et or concept) 



in which n is the minifflum niaaber (oxtenslon) of naturally associated 
SSI*e at aiy 
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lOTel, and c is the critical level nunber. In other vord5> a^ove n(c) 
the v<\riety or intension of th^^i A-set has been sufficiently reduced m 
to permit 'feinilax" responses and therefore, conusunication. The 
ccK^^^nents of DSI*s, or ehsracteristies into vhich the Kind decosiposss 
GS?2r DSI, r*re more nearly iiniversal among individuals or stable in the 
sens® of variation from one individual to another, than are the original 
patterafi or DSI's, which are unstabia because^ their patterns are unique, 
Thvjz the vhole cognitive structurvs of concepts is suggested as a cyber- 
netic device governed by the Islv of requisite variety. To produce 
deficient stability for conmunication is to enarssously increase the 
optioDB of the human self-regulator and his versatility and power to 
Etirvive through cocial interaction. 



5. The Eiodel is also used to shc^ that higher abstraction levels 
tcsid to further increase concept stability and versatility. Thus 
"edditivity", a cdicpatibility of a netj kind, is obtained between tvo 
^eto "td-th different characteristics by using a higher generic level — 
^vth leijs variety. The physicist calls this achie\'ln(; dimensional 
hOBSogeniety. Qiiantitative concepts are essentially classes or categories. 
Bc233 of the most useful are those specie! categories x*elated by class 
inclusion or iiaplicaticn. From these co^e the partially and ccHrpletely 
ordered sets of logic, Boolean lattices, and similar mental constructs. 
Eor^ again it is s-uggested that the achieveraent of quant itativeness, 
jidditivity, and logical relations are increases in the variety of the 
eelf -regulator — nian^ Thus fi-on the siinple sensory DSI, by mooxif} of 
natisral association the ladders of abstraction are ccnstructecl which 
lead to loyer variety in concept, and h3 ,gher versatility or vfiricty in 
beii^vioural options. 



^6. itoother connection between cybernetics and infonnstlon science 
appears through recognition of the phj'-sical process in coiaaranicatfon. 
Th-ers are tvo basic modes of physical propagation of the strain in the 
i^isrdium vhich constitutes the pattern of the message. These are SD atid 
ID. Records and Jaesiories (static strain propagation) require LD; while 
alJi dynamic propagation requires SD. The lav of requisite variety 
effects the transformation point at Khich the variety of tvo adjacent 
stages of propagation differs. An exanple is the use of many syicbols 
£br the sane or similar concept. This ^de variety blocks cpnEsunication 
sssong users or searchers for messages. It can be reduced by a thesaurus — 
esseatieilly a means of "sefting up equivalence classes for symbols. The 
Bvany-one honxomqrphic transformation of mathematics is generalized to a 
suppression of variety, with preservation of an isot^rphic core of 
relations iu the simplified structure. The invariant core is th^ eeitoric 
meaning, an^i the resulting class has much larger extension. This enables 
rnny users to "find" the saaie response (set of objects or documents sought) 
vith a wide variety of syxabols. It is a typical cybernetic increase in 
versatility of the user, to be able to find the same conceptual material 
independently of his vocabulary differences fi*oa those of other searchers. The 
ujiderlying principle is always the same: one stage usust be reduced in variety 
If the process of propagation of messages is to be effective. This 
finderlles all "staxidardization" of symbols, and leads to eventual 
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^s^^&^tidoxdization of concepts • It is thus tilso an educational device^ siuce 
'(fTft !fjiiy view education as a process whereby the variety of information 
of set of learners is reduci:d (cr^ong the set) by consciofus regulatica 
on the part of the educator. TncA lej;j*aera ccsra to share the ssjm 

7* Ax^othftT aspect of tne lav 'fef rcjqfaislte variety (not developed 
la OA) coacerzis the so-called "objective" concept, as distinguished from 
tJxe '^sub^ective'^ lie all live in ths subjective, and never leave it. (Figure 1 
Scvever, part of the subjunctive is not coEnmnicable , and therefore 
a]?pcars **iiighly subjective''. Part of oar suT5jectivity is abstracted and above 
thashold. of coEnunication,, but still poSv^esses each vc^iety. This is 
tie area of "ordinary discourse" or ''natural laasuage." There is sufficient 
tsiipprccsioa of variety so that conditlonalljN associated symbols evoke 
reasonably "siMlar" mental structures in th^ recipient. But there is 
still lack of precision and the "same message 'V my subjectively '*iaean" 
(i.e., hsa'^e as its spectrum of characteristics), different concepts, to 
dllTerent individuals. Within the area of natural discourse are enclaves 
of "^ispocial languages," each used by mesabers of a social subgroup - — 
e.g:. J th^ disciplines. Here the level of abstraction is u^xially greater, 
Cffisd so is the precision (lack of variety as betveen the concepts of in- 
iSividoals). This lack of variety is achieved by neans of special vojriety 
JTjipprcesing techniques such as "operational definitions." All are 
directed tovrard one goal — reducing the subjective variety of the 
^Iscipline-shexed concept so that individuals respond to it trLth identical 
b<vbavioural patterns (to vithin a "null" in observed behavioural differences), 
'ans the disciplines achieve uniqueness of concept by a method of coflsnuni- 
CJ!ition feedbacks and chiicks ^^hich insures conpatitoiUty, or calls 
attention to differences. This state, in ■vrhich a coKicept is mai ntained 
by a social subgroup through continual checks for variety is ^jective." 
Kae objective state of any individual is sinply a subset of his sub- 
,j€ctive iStates. And science is a process of attaining objective obsewa- 
ticn and theoiy by cybernetic ally reducing the variety aniona the data 
ol?served and the derived concepts of the individuals of its fields.. This 
is equivalent to categorization with least possible observational and 
theoretical differences in data and in abstractions from data^ between 
Individual observers. 



8. The librarian and information processor perform loany professional 
tasks by reducing the variety ejcong doc^jtnents and other artifacts used 
to concnoa by society. For exas?ple, they construct categories of inclusion 
or hierarchies (precoordinated); or they may set up the potentiality of 
euch hierarchies, or of sixnple class conjunctions (post coordinated). The 
uce of precoordination ("classifica';ion") in information search vas 
ffit^idied in CA by the model: 

K « CKVT 

Thia model demonstrates a number of properties of the level system 
of iRbstractions . In information search of a collection there is a 
reciprocal use of K and C, such that the total number of symbols sensed 
(VTJ) is kept small, and search takes place on the co:>5>ressed and 
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0(?lected "surrcgate" collection (N/CX). The model suggests scane vays 
cf organlslns concepts for retri^.val both froa single'collectlona nod 
trc^ netvorks of such collections. 



9* 3x1 conclusion, the ianpact of cybernetics on Infonmtion science 
^-pervasivfi. iTie concept of veiriety conibines the sensing of data (DGI'e), 
the association of data (l-sets) and compression and selective filtcriag 
of associated data (A-aets). The concept of variety applies to all lervels 
of abstraction, and thus has very vide applicability. The law of requisite 
variety is equivalent to abstract description of necessary and sufficient 
casnltive decision-colcing conditions for a regulator to smintain a systcju 
trlthin a bounded "safe" region of "states" — safe in that it survives 
does not pass to a states from vhich it cannot return. 

Itowever, \vc should not forget that other sciences, e.g. physics, 
Mology, and psycholc,{/y are al&o all-pervasive in their application to 
tafonaation acieiice. Perhaps "IS" can bs defined by its unique admixture 
of other sciences. OA suggests it in the model of the dcsaain of infcnaa- 
tion science. In the light of this model IS is a partly independent 
oclence based on the propagation of neanicgful messages. With cnonaous 
s.pplications , it bids fair to become a discipline. Through these applica- 
tions it already s\abserves all sciences^- Reciprocal interactions of a 
Rore theoretical kind seem alnsost inevitable, snd Ju.stify the prophetic 
x-ather than scientific words in the title, "and vice versa". Already 
-.the mod??! of the 23 path and of the set of IS paths used in the concept 
of the domain of information science exe providing ne^<r insights. The 
concept of the domain is not veil developed in OA, but It is hoped to 
sfecw iu a subsequent publication that an "operational definition" of 
considerable coarplexity is ijavolved. 
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